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AESTRACT

This thesis describes the cénversion of a compucer
program from For+*ran IV for the NOS 1.2 operating system of
*he CYBER 175 cr CDC 6600 computer ¢ Portran IV compatible
with the Naval Pcstgraduate Schoe¢l 1IBM 3033 system. The
convertsd rrogram, called FL0O27, <calculates -he inviscid,
three-dimensicnal transonic potential flow over wings or
wing-body ccrbinations. The daza input +o FLO27 1is
extensive; therefore, an interacitive program was developed

+0 aid the user in building the required input data file.
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I. INTRODUCTION

In the Aeronautical Engineering curriculum graduate
ievel aerodynamics course, AE-4501, the students are exposed
0 tWo comfpu*ter crogramse. One of thesz2, prepared by the
Douglas Aircraft Company, analyzes +the pot=antial flow arcund
three-dimensicnal wings but is limited +o incompressible
flow [Ref. 1]. The other progran, p-cepared by Cebeci,
calculates <+*he fric+tion drag for <tw> dimensional
incompressible flow over airfoils [Ref. 2]. A serious
defect of these prcgrams 1is +hat +*hey are not
state-of-the-art computer rrograms. The Douglas progranm
dces not consider <th2 effects of compressibili<y and the
bour dary layer program, in additicn to being restricted *to
incomrressible flow, does not predict the laminar %o

turbulent *ransition point.

A. EACKGRCUNT

In 1980 the Departmen*t of Aeronautics a= the Naval
Postgraduate Schcol acquired an intricatz computser prograam
recently developed by +he Boeing Commezrcial Airplane
Comvpany. This state-of-the-art program calculatss

three-dimensional transonic £flow cover wings and bodies in



both +he cuzer-inviscid flow <regicn governed by *he
transonic cvozential equaticn and the thin layer in which ths2
first order, ccmpressible boundary layer equatiocns are
assumed *c ke valid.

Th=z Boeinag program as received was designed *o be

[

executed on a CDC 6600 or a CYBER 175 computer and was
written using CDC FORTRAN IV oxtended language. This thesis
+herefore was primarily ccncerned with th2 conversion of the
orogram to FORTRAN IV extended ccmpatible with the Naval
Postgraduate School's (NPS) IBM 3033 systen. The large
modular orcgram was dividsd so that thz potential flow
analysis @>crticn could be run separatsly. Simplified

instructions for use of the program wer2 also prepared.

B. VISCOUS/INVISCID SYSTE¥ OF PROGRAMS

The Viscous/Inviscid Wing System (VIWS) of prograsms
calculates three-dimensional transonic flow over wings ard
wing todv c¢cmkinations including details o¢f +the laminar or
turbulznt flow in th2 three-dimensional viscous boundary
layer. The £lcw field is calculated in +two overlapping
reqgicns: an cuter inviscid flow region governed by the
transonic potential equation, and a thin bounrdary layer in

which the first order, +three-dimensional, compressible

10



bourndary laver equaticns are assumed to hold and in which

~he effects o¢f surface teat and mpass transfar can be

computad. A list of the VIWNS of programs is pressnted in

Table T.
TABLE I
Viscous/Inviscid Wing Systa2m of Progranms
Program Name Description
P1C27 Jamescn-Caughey inviscig,
transonic wing code
A411IN Reads gecmetry & velocity
data, constructs coordinate
system
VWIN Pctential flcw boundary
layer interface
A411ACH Three-dimsnsioral boundary
layer precgran
INTERP Bcunda:g layer potential
flow interface
34115 2 hics displ
Bz Grarhics displa rogramns
- AU11ES F it

The basic seguence of calculations used by the VIWS *o
obtain matched viscous and inviscid solutions consists of an
iterativ= lcocr in which the inviscid outer flow analysis and
the bcundary layer analysis are performsd sequentially. The
iterative sequence 1is ccntinued until either convergence
(satisfactcry ma*tching) is achieved, or *he maximum number
of iterations svecified by the user has been performed. The
VIWS programing sequence is shown schematically in Fig. 1.1.

11



Loop

Calculate transonic potential flow
FLO 27

Final boundary
layer cale?

Generate boundary laver grid
1st interface program

Generate boundary layer grid
1st interface program

v

4

Calculate 3-D boundary layer flow
1. Boundary layer program—upper surf.
2. Boundary layer program—iower surf.

Calculate final boundary layer flow
1. Boundary layer program—upper surf.
2. Boundary layer program—lower surf,

q

L )

Set up §° for next iteration
2nd interface program
1. Interpolation
2. 6° under-relaxation
3. Convergence test

Plotting programs

8* Yes

converged
?

End

Figure 1.1. Viscous/Inviscid Interaction Procedure

The trozential flow is calculated for the
the first iteration. In subsequent itsrations,

of the boundary 1layer f£lcw on the outer

inviscid flow

bare wing during

“he effect



f21lt as a modification +to the wing shape through the
addition of the boundary 1layer displacema2nt thickness.
Cornveragence is recognized, and the iterations ars stopped,
when the maximum change be*tween the new and old displacement*
thickness, exrressed as a fracticn of the maximum
displacement thickaess, is less than the convergence
«nlerance chcsen by the user.

The VINWS utilizes the Jameson-Caughey transonic inviscid
wing program PFLO27, to <carry cut ths potential <£flow
analysis. The boundary layer analysis is performed by a
finite difference bcundary 1layer prediction progrcam
daveloped by the Boeing Commercial Airplans Company. T he
basic th2orv tehind the bcundary layer program is con+tained
in [Ref. 3]. A detailed descripticn of th=2 VIWS of progranms
(sxcluding the potential flow program FLO27) is contained
in (Ref. 81. A basic guide o the wuse of the VIWS of

programs is contained in [ERef. 5].
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II. POTENTIAI FLOW PROGRAY FLO27

Eccause of the extensive length and number of progranm
modules in the VIWS, the Foten+ial Flow Program, FLO27, was
singled out for cecnversion. It was anticipated that FLO27
would be run separatzly at first and z2combined with the
other -rogram modulies at scme latser date when tha2se modules
were themselves *ranslated for execution on the IBM 3033

computer.

A. RE~-PROGRAMING

The Potential Flow Prcgram, hereafit=r called FLO27, was
raceived cn magnetic +tape and loaded into “<he IBM 3033 mass
stcrage system using the Jcb Control Languazgse (JCL) routines
presented in Arrendix A. The magnetic tape contained twenty
(20) total files in which *he format was 9 track, 1600 CPI,
unlatkled. The card image format <for the sixteen (16)
program files is 80 characters per r=2cord and +thz four (4)
output files ccntain 150 characters per record. The progranm
ard output files on *he criginal <CDC tap= ar= listsd in
Table II.

The FLO27 prcgram was converted +o FORTRAN IV extended

suitable for execution on the IBM compuzer using the ¥NPS CDC

1



TABLE II

CDC Magnetic Tape Fil:ss

File/Recoxzds Name Description
1 /2356 FLO 27 Potential Flow Progranm
2 /3194 A411IN Reads gecmetry & velocity data
constructs codrdinate system
3 / 378 VWIN Potential flow boundary-layer
inter face
4 s6611 A411201 | Three-dimensional boundary
layer progran
5 /1977 INTERP Boundary-layer potential flecw
interface
€ / 6E8 A411PS Streamline plots
7 7 211 A411P1 One-dimensional plots
8 v 586 A411p2 Contour flots
9,/ 70 COUPLE
10 /7 158 ITER .
Procedurs files
1 7/ 7 DATAIN
12 » 78 FINAL
13 7 434 BOEB1 Boeing Mclean computer progran
1 /7 36 CONTPLT { Contour frlots
15 7 17 CORDPLT | One-dimensional plots
16 7/ 40 STREPLT | Streanwise fplots
17 OO0TF27 Ou+tput from FLO27
18 OUTIFC Output from VWIN
19 OUTU11L | Qutput f£rom boundary-layer,
lower surface
20 OUT411U0 | Output freom boundary-layer,
upper surfacs
0o IEM conversicn guide [Hef. 6 ]. The fizst step taken

consisted cf crogram compilation wusing the WATPIV compiler

with its extended error messages. The listing which was

15



produced flagged all

reviesion.

arzas of the program

which required

Prcgram changes wera2 accomplish=2d utilizing *his

WATFIV listing. Scme of the mcre general and repetitive
changes are listed in Table III.
TABLE IIT
FLO27 Re-Precgraming Changes
CDC Code IBM Code Changse
gaﬁ%%?lgﬁélgez%géAg§EAF' Eliminated from program
IREAF, IWRIT, IWRIF
WRITE(IWRIT,600) WRITE (6 ,600)
READ(IREAF,500) READ (5,500)
FER "I 7 o IR LT
Call SECCNL (T) Step eliminated
Call SSWITCH(1,ISTCP) Call SLITET(1,ISTOP)
Delimiter of form * Replaced by !
Ccmment cards with * Replaced by C
LEVEL statemernt Step eliminated
I£f(UNIT(N ).GT.0.) GO TC All of this type =limina<ed

The most difficul
Buffer IN cr Buffer
program to transfer
into and ocut cf main
memory size reguired
t7:e cccurred in the

subrcu<ines.

t change %o

00T statements which were

portions ¢f a
meEmOIY.
to execute the progran.

main progran

16
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The change reguired to tramslate +his statsment is prasenrt:zd
below with the CDC code precszeding the IBM FORTRAN.

EUFFER OUT (N3,1) (G(1,1,1),G(MX,MY,1)) changed to

WRITE (N3) ((G(I,Jd,1) ,I=1,4X) ,d=1,MY) and
EUFFER IN (N1,1) (G(1,1,M),G (MX, MY, M)) charged to
READ(N1,ERR= ) ((G(I,d,¥) ,I=1,4X),J=1,MY)

Thz variable ERR was assigned the GO TO stateman* rnumber
of the UNIT <s*tatemen* immediately following the BUFFER IN
lire of code. As an example, if the ©UNIT stat=m=nt
follcwine the EUFFER IN ccde was - If(UNIT (N1).GT.O0.) GO TO
151, *hen the number 151 was assigned to variable ERR
follcwing the equal sign. 211 CDC UNIT statements were
eliminated from ths FLO27 source code per Table II.

Ir addition to the prcgram changes rsquired to run FLO27
on +*he IBM ccmruzer, several lines of codz wsre added to
modify the output fermat to a more usable form. A
subrcutine, VERTEC, which calls the Varsatac plotier was
also addéd to enhance prcgram usefulness. This plotting
routipe is user controlled through an input variable and is
X lained in the next section. The modifi=d FLO27 p-cgranm

source code is presented in Appendix E.

17



Tc facilitate program data 2ntry sevaral input variables
which had reccmmended values were initialized <t these
values within the Main prcgream and the subroutine GEOM., The
initialized inpu* variables and <their values are presented

in Table IV.

TABLE IV

Initialized Input Variables

AREA VARIABLE NAME INITIALIZED VALUE
XSCAL 0.0
PSCAL 0.0
FCONT 0.0
P20 0.7
MAIN P30 1.0
Prgm. FSMCO 0.0
PTHMAE 0.0
BLCE 0.0
WEIG 1.0
PTCK 0.0
FIX 0.9
YSYM 0.0
FNB = 2.0
PX 0.0
Sukrt. PZ 0.0
CEOM TRL 0.0
SLT 0.0
XSING 0.0
YSI NG 0.0

18



A comclete description of each input variable in Table

IV can be fcund on pages 19 through 23 of [Ref. 5].

B. PROGRAM DESCRIPTION

Ths FLC27 program is a computsr code written to analyze
+he transcnic flow over a wing =alcne or a wing on a
cylindrical fuselage. It uses a finit=2-volume formulaticn
<0 sclve the exact potential flow equaticon in conservative
form. In the development of the equations, the basic
assumrtions are; éteady filow, no heat or work <*ransfer,

isentropic flow, 4irrotational flow, 10 body forces and a

cerfect gas. The velocity vector in cartesian coordinates
is
Pal S “
T = ul+ vy + vk (2.1)
where u, v and w are *te velocity components. The

continuitv e2quation, assuning steady flow, is

d (Pu) +Jg(v)+.)(w)=o (2.2)
Next a velocity potential is introduced such +hat the

velocity components are calculated as =z-he gradient of +his

noten+ial.

u = ,v=¢ ,w=0 (2. 3)

19



W

with the introduction of the velocity potential, <th

continuity a2quation 2.2 becomes
%(gg) *5%‘%’ +322((g> =0 (2.4)

Assuming no heat or work transfer, the snergy equation can
be written as

-1 2
+ i:z———l M =T 1+

(Y- 1 o2
2 - 2

-

T |1

The flow is assumed to be uniform in ths far field. On the
surface of the bcdy, the normal velocity component is zero.
The velocities and densities of +he near field are
normalized using the free strsam velocity and density, <hus
Vo = 1 and €L:= 1. Using the assumptions that the flow is
isentropic and a perfect gas, the en2rgy equation 2.5 can be

shown o0 Gte

1

-1 2 =1
p = 11 + .‘.L...’. Mo, (1-v§ 7 (2.6)

2

With squaticns 2.5 and 2.6 there ar= cnly two unknowns,
¢ and (3 . They can be solved, subject tc *“he boundary
condition of flcw tangency, using a finite volume techniquse.

The basic numerical scheme for +he solution is thae

20



constructicn ¢f a mesh frcm small volume elements (cubes)

e
wvhich are packed around tke wing or wing body configurztion.

The cubes in the computational domain are separately mapped

-» distorted cuktes in the physical domain by indeperndent

transformations from local coordinates X, Y and Z to
Car<esian coordinates x, y and z. The mesh pcints ace *he
vaer=ices (ccrners) of the mapped cubes. The velocity

potential and dersity are calculated at each vertex in the

mesh. The pressure distribution can then be calculat=2d fronm

P = = (2.7)

In the event that tte local flow veloci*ty bercomes
sucersonic and shocks occur, these are handled in the usual
manner bv insuring that:

1) The tangential”velocity comporents are equal on each
side of the shock.

2) Continuity is maintained by keeping the product of
{JUK coastant across the shock (where U, is the normal
velocitv comrponent).

3 Discontinuous expansions (corresponding to an

"exransicn shock") are excluded from the flow fisld.

21



The assumpticn ¢f isentropic flow along with the existencse
of shccks rresents a contredicticn which c¢an only be
resolved by limiting the flow to very weak shocks for which
eantrcpy and vcrticity gereration may be ignored. Thus,
solutions will be valid only for subsonic free strean
velocizties.

Th2 wmain <three-dimensional &array conteining <*he
notential function da*a is stored on disk, and special
unformated inctut/output sStatements are us=2d to bring plan=es
of data into «central computer memory and to store updated
planes of data g;ck on the disk. In ths construction of +%he
computaticnal coordinate system, a Joukowski transforma+tion
is used to transform *he <cylindrical fuselage to a vertical
slit and then a shearad parabolic transformation is used iIn
planes containirg the airfoil sections. A detailed
ma thema+tical formulation of thea potential flow anzlysis is

contained in [Ref. 7].

1. Prcgram Input

The infut o FLO27 corsists of variables which are

r2ad with an B8F10.6 FORMAT. Each input card has a *titl

D

card which precedes 1it. This ti*le card contains the inpu+

variatle rame and effectively labels th=z input data for easy

22



raference. The titls for each input data is placed in the

same column as the input data it labels. The +*itle cards
are read with a ZOA4 FORMAT. All numerical input valu=s are
r2al numbers. The following data deck, listed card by card,
is the ninimum input data required for a simpls wing
analysis. Each "card" can be interprs2tsd as one line of
data en your *=rminal. A complete sampls da+ta set is
presented in Acvrendix C.
CARD 1 The Run Ti*le (64 characters maximum)
CARD 2 Title card for the input variatbles
FNX, FNY, FNZ, FMESH and FPIOT
CARD 3
Cols. 1-10 FNX - Number c¢f computational cells in
the chordwise direction for th2 initial mesh,.
MAX = 160/2*%*n, wltere n = FMESH -1. (See Cols. 31-40
for FMESH)
Cols. 11-20 FNY - Number of computational cells in
the ncrmal direction frem the airfoil surface for

the initial m=ash.

MAX 16/2%*n, where n = FMESH -1.
Cols. 21-30 FNZ - Number of computational c¢2lls in

the srcanwise direction for the iniiial mesh.

MAX = 32/2%%*n, where n = FHNESH -1.

23



CARD 5-M

Cols. 21-40 FMESH - Determines the number of times 2a
program generated computational mesh is refined.
Enter cnly 1.0, 2.0 or 3.0 for coarse, a=zdium or
fine mesh. If 3.0 is selected the prcgram will
calculate flow over +the wing for the coarse mesh
then half the mesh size (medium), recalculate, then
half the mesh againr (fine) and do a final potential
flow calculation. Outpu<t parameters are printed for
each mesh size fcr which calculations were
performed.

Cols. 41-50 FELOT - Output flag

0.0

Normal cutput without printsr-plot of Cp

1.0

Normal output with printer-plot of Cp
at each computaticnal mesh point for
aach wing section.
2.0 = Normal cutput with Versatec plots of
Cp versus X/C for ceach wing ssction of
the final mesh.
Title card for the input variables
FIT, COVO and P10
Cne card for each computational mesh. Total

numker of cards equal to ¥ = FMESH.

24



CARD 6

Cols. 1-10 PFIT - A parameter which fixes the
maximum nunbexz of iterations thz program will use to
cenverge the velccity pctential to a sp=ecified
tolerance (COVO). This parameter must be repeated
for each mesh refirnement.

Cols. 11-20 COVO - Veloci+ty potesntial converg=zncs
criteria. This input variable is also entered for
each selected mesh. A value of 0.000001 4is
reccnmended.

Cols. 21-30 P10 - This parameter determines *he
suksonic poin* relaxatiorn factor <for the specified
mesh size. A valus of less than 2.0 must be entered
for each designated mesh. Pecomm2nd=éd values are:
1.6 fcr ccocarse, 1.3 for medium zand 1.2 for the fine
mesh.

Titls card for the input variables

FMACH, YA, AL and CDO

Cols. 1-10 FMACH - Frase stream Mach nuaber

Cols. 11-20 YA - Yaw angle in dagrees

Cols. 21-30 AL - 3ngle of attack in degrees

25



Cols. 31-40 CDO - Drag ccefficieat due *=c skin

fricticn. Unless known, an estimated wvalue of 0.01
is reccmmended.

CARD 8 Title card for the input variables
ZSY¥, PNS, SWEEP, LIHED and FUS

CARD 9

Cols. 1-10 2SYM¥ - The wing planform symme+ry

+rigger.
0.0 = Yawed wing, has no spanwise symmetry
1.0 = Swept wing, has sranwise symmatry
Cols. 11-20 FNS - This inpput variable ==zlls the

crcgram the total pumber of wing sections you have

selected to define the wing half span. The number

must ke at least three (3) Dbut not mor2 than elevzn

(11 sections.

Cols. 21-30 SWZEF - Leading edge sweep angle in

degrees.

Cols. 31-40 DIHED - Dihedral angls in degrees. See
Fig. 2.1.

Cols. 41-50 FUS - Input the fuselage radius. Enter

0.0 fer a wing-alcre case.

26
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FPigure 2.1. Dihedral Angle

Data input cards from 10 th-ough 15 are used for
dz2fining wirg rlanforms and sesction geometrics. For the
‘fi:st ;inq secticn, all data cards freom card 10 through card
15 must be used. For the second and subsequent sec*ions -
“*here is an «cption for skipping the wing section defining
dazta (cards 12 through 15) and copying the data from that of
“he pravicus section. This option is controlled by *he input
variable FSEC. If this crtion is not used, data cards £rom
10 through 15 must be repeated for each wing dz2fining
section. The number of wing sections which are dafiped is
incut with +he variable FNS. Remember, up “o 11 sections may
be defined, and a minimum of 3 sections must be defined.
811l wing rvlanform and section defining geomeztrics must be in

consistent units. ¥ing planform and section defining

.uanti*ties are rresen+ed in Fig. 2.2.
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X
Fiqure 2.2. Wing Defiring Geometry
CARD 10 Title card for the input variables
Zs, X1, 1L, CHORD, THICK, AT and PSEC
CARD M
Cols. 1-10 2S - The section spanwise coordipate

(Start at th2 c=2nterline and wcrk
ocutboard)
Ccls. 11-20 XL - Section leading edge X coordinat=
Ccls. 21-30 YL - Section leading edg=s Y coordinate

Cols. 31-40 CHORD - Section chord langth
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CARD 12

Cecls. #1-50 THICK - The thickness scaling fzc=or

can bte used to scale all Y coordinates of the wing
section. Thus percent thickness and camber are
increased (or decreased) accordingly. Use 1.0 if
no scaling is desired.

Cols. 51-60 AT - Th= twist angle of =ach section
(gecme=ric twist) measured from the X axis to the
chord lire. A pesitive “wist angle reduces the
section angle of attack and gives "washout". Use
0.0 fcr no twist.

Cols. 61-70 PSEC - This is a2 flag which determines
whether or not the proegram reads wing section
defining gecmetry from a previous wing section or
from new defining geometry. For the first section
defined you must set FSEC <c 1.0. Following the
first sectior, if you define new section geonmetry
then use FSEC = 1.0. If you want the progrzm %o
read the sec*tion gecmetry defined from the previous
sec*icn then set FSEC = 0.0.

Title card for the input variable

FN

29



CARD 13
Ccls. 1-10 FN - This variable contains the number
cf tcints which define the uppar and lower surface
of the section. A maximum of 161 points may be
used.

CARD 4 Title card for tke input variables
XE(I) and YP (I)

CARDS 15-1 tc 15-N Total number of cards egquals N,
where N = integer part of (FN+2) /3.
The X and Y coordinates at each point ar= en+ered
in pairs, three points to a cac-d. (See Appendix C
fer samols input)
Ccls. 1-10 XP(I) - X coordinate of ths wing

section point
11-20 YP(I) - Y coordinate of the wing

secticn poirnt

21-30 defining X coordinate for next
point

31-40 defining Y coordinate for next
point

41-50 defining X coordirate fer

following point
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51-60 defining Y coordinate for
fol lowing point

The X and Y coordinates of the wing section defining
points must be snter=d starting with the upper surface
“railing edge rcint and prcceeding along the upper surface
to the leading edge, arnd returning along the lower surface
to the lower surface trailing edge point. It is very
im.ortant to define the section leading sdge wi-<h a larcge
number of closely spaced points. Suggest at least 0.05
snacing or less ketween X coordinate wvalues from 0.1 X/C to
the leading edge, X/C = 0.0. Each X ard Y cocrdirnatz poin<
is ncrmalized wusing the chord 1length for that section.

Secticn defining geometrics are illustratsd irn Fig. 2. 3.

Y

start

--——'- chord ——-—-I

Figure 2.3. Section Defining Geometry
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CARD 16 Title card ccn*taining the words in Cols. 1-80

END OF CALCULATICNS

CARD 17 Title card for the input variable
FNX

CARD 18
Cols. 10 FNX - This variable indicates the end
of a set of calculations and mus* be set equal *o
0.0. 1Its puzpose is to indicat2 that the program
has run t3 completion.

2. Prcgram Output

Outout from the FPLC27 program variss with the wvalue
of the inrut variable FPLCI. When FPLOT is set equal to 0.0
a rormal output is produced. This ncrmal output contains
(in crder of occurance) : refined input geome*ry data
including t-ailing edge <slope and angls calculations;
iterative soluticn of the potential flow mesh; section
characteristics and wing <characteristics. The iterative
solutics, secticn and wing characteristic Jjata are repeated
for each mesh refinement requested. Thus, i1f <he input
variakle FMESH is set equal to 3, these data are calculated
and cutput three times. The last datea in the normal output

consists ¢f the non-dimensionalized chord (X/C) and pressure
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coefficient (Cp) data at each computational mesh point feor

cach wing sectior calculated dquring the final mesh. A
sample of the normal output data is presenta2d in Appendix D
and recresen<s *he ou%*put data frcm App2ndix C input dazxza.

If variable FPLOT is set =qual to 1.0, <he output
data is increased considerably. This outpu~ contains the
normal ou*put plus a line printer-plot of thespressure
coefficient at each compu*ational mesh point for each wing
section. The line printer-plot is producad for each wing
section of each mesh refinement. The length of f~he cutput
data with FPLOT set equal to 1.0 can approach 6000 records
d2 tending on th= number of mesh refinsments reques+ted.
These vlots are of questionable valus and, +herefore, an
alternate rlotting program was devealoped.

When the variable FPLOT is set equal to 2.0, the
normal output data is prcduced plus a Versa*ec plotting
subrcutine (VERTEC) is called. The subroutine outputs, via
the Versatec rlottar, plots of Cp versus X/C for each wing
secticn of the final mesh calculaticns. This rcutine is
simply putting into plot form the Cp and X/C aumerical data
contained in the naormal output. A sample of the Versatec

plot is cresented in Fig. 2.4.
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SECTION CP DATA
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IITI. INTERACTIVE INPUT PROGRAM FLO27IN

The inpu%t da*a file required for thz FLO27 program is
extensive. Frrors ZIn input data FORMAT will cause progran
srrors at €xecution time. In crder to eliminatz these
zrrors and <reduce the input data workload, a computer
t2rminal interactive program was written. This intsractive
program, called FLO27IN, 43is a user-fri=ndly way of creating
an input data file fcr the potential flow wing aralysis
program PLO27. The FLO27IN program source code is presented
in Aprendix F.

The interactive program, FLO27IN, when executed ask's
questicns c¢f *+he user in crder tc ccnstruct and write to the
us2r's "A" disk the resquired FLO27 input data file. The
follcwing presen*ts the step-by-step procedure for executing
“he interactive program FLO27IN.

STEP #1---1og on t5 any IBM 3033 interactiva termizal
with your user number and password.
STEP #2---Once logged on and in the CMS opz2ration mode
type:
CE LINK 0287P 191 120 RR +hen hit ENTER
STEP #3---The wecrd PASSWOERD will appeaz, Type and ENTER

AERO
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STEP #4---Type and ENTER

ACC 120 D
STEP #5---Tvyoe and ENTER
LOAD FLO27IN (START

The screen will display the header for the inzeractive
DLOGram. Ansver 2ach question pressnt=ad. At tha end of
2ach gquestion 1in parenthesis is the input data variable
associated wi*th that questiorn ard whether the input
carameter is a real number (R) or an intzger (I). Example:
==> Enter the free stream Mach number (FPMACH): (R). FMACH
is the input data variable for the question. As you proceed
*hrough “he FLC27IN program, opportuniti=ss to review and
change input data will be presen+ed. Should it become
necessary to change your input da*ta aftszr completing the
FLO27IN crogram, you can simply XEDIT the created data file.

The FLO27IN program also inccrporatas a library which
contains the wing-section defining data for a number of
current wing shaces. A copy of this library is presen+ted in
Az -endix B. This fea*ure will be display=2d during program
execution by <+he use of a menu from which the user can

szlact a pre-defined wing section or definz his own.
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Uron ccmrle+ion of wuser inputs +to the interactive
wtoagram three additicnal data lines are automatically
written to the bcttom of the input file. They are:

END OF CALCULATION
FNX
0.0
In additicn, Job Control Language (JCL) cards arce

written o the top and bo*tcm of the file. All JCL cards

start with a s/ format. After FLO27IN has run to comple+ion

tv~e and ent2r RELEASE 191 to release the aero disk which

was linked while executing *he FPLO27IN program. The creat=d

data fil=a is written to the user's "A" disk with <filename>

<file*vpe> of FLO27 DATAIN. Additional changes can be made

simply by entering th=2 XEDIT mode and editing the file.
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IV. FLO27 BAICH SYSTEM EXECUTION

The vpotential flow prcgram FLO27 can bz =2xecuted after
the inout data file has been created. The batch prccessor
is required fcr FLO27 exescution because of the extensive CPU
time needed to run the progran. While in <he XEDIT mocde, a
standard JCB card must be added *o the top of +he FLO27
DATAIN file orior to submissiorn for job =2xecution. The JOB
card has the form:

//jotname JOB (onnn, pppp) ,'ident*,CLASS=J
jobname = may contain up *o 8 alphanumeric characters,

the fir-st of which must bz alphabstic.

Lnnn your user number

pppp = project number, assigned by professor

'*iden+! = contains the user's own identification
information. A maximum of 20 characters may be
contained within the single quotation marks.

After adding the JOB card to your data file, you are
zeady to execute the program. Type SUBMIT FLO27 DATAIN and
press ENTER. Eatch runs are normally nct worth waiting for.
To inguire abou* the status of the job, enter INQ and the
job name used on the JOB card or "logoff". If the system is
busy and *he rmaximum mesh size was selected, i+ may be

sa2veral hours before your job is run.
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When the jot is run the cutput will be spool=d to %he

batch printer located next toc the VM printar in +*he main

ct

computer building. The title at the top of the printout for

it

batch jobs is +he name entered on the JOB card. If it is
desired to have the program output data spooled directly <o
the terminal, it will be necessary to add one additional JCL
card to +he input data set. This card must be placed
immediately fcllowing the JOB card and has thz form:
//*¥MAIN ORG=NPGVM1.nnnnP
where nnnn = ycur user numker

Inser+ting this card in the input data will cause all
program cutput to Dbe spocled to the user's virtual reader
where it may ke locked at, printed ¢r transferred to his "a"
disk. To enguire as to whether information is in the reader

simply type RDR and hit enter, +then follow ths instructions

on the screen.
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V. PROGEAM TEST RESULTS

The FLC27 program was tested in +hree stages; (1) during
“he reprograming phase for conversion completensss, (2)
af ter sucessful convarsicn with suitable wing data for

program accuracy and (3) during an AE-4501 class project.

A. ACCEPTANCE TEST DATA

To test and ensure that *=he FLO27 program was converted
to IEM compatikle Fortran without error, an acceptance test
data set was used. The acceptance test input and output
data was supplied with the criginal CDC program source code.
After conversion of +he FI027 program “o Fortran suitable
for tha NPFS IEM system, +the acceptance test input data were
run and “he output results compared to the output generated
by the CDC systenm.

Both output data sets were numerically exact when *he
FLO27 proaram was run inr double precisicn on the IBM system.
If the vregram was run ir single precision, the numerical
output values were exact tc the third decimal placs. Ths
difference in sinqgle precision accuracy occurs because the
CDC system uses a 64 bit word length while the IBM systen

word length in single precision is only 32 bits. I+ was
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decided +that the IBM single precisior accuracy was

satisfactcry.

B. CCMPARISCN WITH OTHER FROGRAMS

The FLC27 progran was also tested for accuracy by using
the wing vlanfcrm and section data from 2 NACA 572 wing.
The data wer2 run on both <the FLO27 program and the Douglas
potential £flow program [Ref. 1]. The data generated by both
programs was ccmrared to wind tunnel data for the NACA 572
wing (Ref. 81. The results are presenta2d in Fig. 5.1 as
plots cf£f 1ift ccefficient versus angla-of-attack. The
results shew that for the NACA 572 wing the FLO27 program
more accurately predicts the wing 1lift coefficient than does

the LCcuglas prcgram.

Co AE-4501 CLASS PROJECT

The final test phase was conducted by introducing +he
FLO27 program into the AE-4501 course as a class project.
This was accomplished to determine student problems/commen*s
concerning the data input program FLO27IN and to tes* an
additional wing shape. The wing chosen Zor study was +tha+
of the A-7 airplane. The A-7 wing has a distinct leading
2dge nctch a% the approximate mid-span. When the planfcrnm

geometry was run with the notch included the FLO27 program
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Figure 5.1. Prograam Calculated and Wiad Tunnel Data

ran toc comgplstion but gave negative valuss for sec=ior and

*otal induced drag coefficient. The value for +he 1lift
co2fficient was low for the freestream Mach and

angle-of-attack us=4. It was found that if the notch was

42



excluded from the wing gecmetry

rssults were satisfactory both for induced drag

coafficient.

input da*a

the progranm

and lift

From the AE-4501 class experience i+ was determined <hat

sharr wing clanform discontinuities carnot be handled by *he

program.

as a wing glovz, the ©program cutput

sa~isfactory. Such was the case with

case data where the wing geometry was

supercritical wing which incorporates a

43

If hcwever, the changes in shape are gradual, such

appears to2 be
the acceptance test
“hat of <+he F-8

wing glove.
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APPEND

IX B

LIERARY OF AIRFCIL SECTION GEOMETRIES

user input section cccordinate data

fla=

rlate data

symmetrical

supercritical wing (cambered,

chord)

NACA 24-30-0 (cambered,
F-14 wing (cambered,

wing (11% thickness at 30% chord)
12% thickness a* 32%

12% thickness at 30% chezd)
9.5% thickpess 2t 37% chord)

A-7 wing (7 deg droop a* 20% chord, 7% thickness at
43% chord)

LISSAMAN 7769 Airfoil (cambered,

cherd)

NACA
NACA
NACA
NACA
NACA
NACA
NACA
NACA
NACA
NACA
NACA
NACA
NaCA

0010 (symmetrical, 10
0010-34 (symmetrical,
0010-35 (symmetrical,
0010-64 (symmetrical,
0010-66 (symmetrical,

16-009
63-010
631010
64-010
647010
65-010
652010
66-010

(Ssymmetrical,
(symmetrical,
(symmetrical,
symnmetrical,
(symmetrical,
(symmetrical,
(symmetrical,

(symmetrical,

46

% thickness at
10% thickness
10% thickaness
10% thickness
10% thickness

11% thickness at 30%

30% chord)

at
at
at

at

40%
5 0%
40%
60%

chord)
chord)
chord)

chord)

9% thickness at 50% chord)

10% thickness
10% thickness
10% thicknsss
10% thickness
10% thickness
10% thickans ss
10% thickness

at
at
at
at

35%
35%
4o%
40%
40%
4o%
Us%

chord)
chord)
cherd)
chord)
chord)
chord)
chord)
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